e study aims to assess trends in extremes of surface temperature and precipitation through the application of the World Meteorological Organization's (WMO) Expert Team on Climate Change Detection and Indices (ETCCDI) on datasets representing three agroecological zones in Southern Ethiopia. e indices are applied to daily temperature and precipitation data. Nonparametric Sen's slope estimator and Mann-Kendall's trend tests are used to detect the magnitude and statistical significance of changes in extreme climate, respectively. All agroecological zones (AEZs) have experienced both positive and negative trends of change in temperature extremes. Over three decades, warmest days, warmest nights, and coldest nights have shown significantly increasing trends except in the midland AEZ where warmest days decreased by 0.017°C/year (p < 0.05). Temperature extreme's magnitude of change is higher in the highland AEZ and lower in the midland AEZ. e trend in the daily temperature range shows statistically significant decrease across AEZs (p < 0.05). A decreasing trend in the cold spell duration indicator was observed in all AEZs, and the magnitude of change is 0.667 days/year in lowland (p < 0.001), 2.259 days/year in midland, and 1 day/year in highland (p < 0.05). On the contrary, the number of very wet days revealed a positive trend both in the midland and highland AEZs (p < 0.05). Overall, it is observed that warm extremes are increasing while cold extremes are decreasing, suggesting considerable changes in the AEZs.
Introduction
e Intergovernmental Panel on Climate Change (IPCC) report shows that climate change is evident by high frequency in climate extreme events including flooding, drought, sea level rise, and heat waves [1] . Various studies have shown changes in the occurrence and severity of climate extreme events, along with the variability of weather patterns, causing substantial impacts on human and natural systems [2] [3] [4] . Climate change impacts, however, are differently experienced in different parts of the world owing to various geographic settings and socioeconomic factors [3, 5] . With a projected 3 to 4°C temperature increase, climate change impact in the future will result in more hostile environments, associated with increases in the frequency and severity of floods and droughts [3, 6] . Furthermore, the IPCC reports illustrate that the intensity and occurrence of extreme events are expected to increase in different parts of Africa [2, 3] . Climate models have shown that climate impacts will be severe in many areas of Africa, including East Africa [7, 8] , primarily associated with changes in atmospheric forcing due to anthropogenic causes [9] .
Due to the adverse effects of climate variability and change, Ethiopia is considered to be one of the most vulnerable countries [10, 11] . e country largely suffers from hazards linked to high rainfall variability [12, 13] and climate extreme events [14] . It has experienced droughts and floods from the 1980s onwards [10] , and since 1990, the country has recorded 47 major floods that killed about 2,000 people and affected close to 2.2 million people [15] . Ethiopia also experienced 12 major droughts between 1900 and 2010 that claimed the lives of over 400,000 people, and the number of those affected was over 54 million [15] . Very recently, the 2015 El Niño-induced drought has caused food insecurity among 10.2 million people, one of the highest on the record [16] . Moreover, it is projected that Ethiopia will face serious and damaging impacts resulting from changing climate patterns in the future [17] .
Owing to the high probability of changes in climate extremes and the negative economic, social, and environmental impacts [2, 18, 19] , due consideration has been given to the analysis of climate extreme events in recent years [20, 21] .
is is because climate extremes respond more sensitively to climate change than changes in the average climates [21, 22] . Furthermore, extreme events affect the ecosystems much more than changes in the mean climate [23, 24] . Following the IPCC [6] definition, in this study, an "extreme event" is used to illustrate the occurrence of a value of a weather or climate variable above or below a threshold value, generally occurring at the tails of the probability density function (PDF) of the range of observed values of the variable within a defined climate reference period.
Temperature and rainfall are the two most significant and sensitive climatic elements in tropical regions. Data regarding extreme climates and their characteristics are essential to identify, plan, implement, monitor, and evaluate different socioeconomic activities in developing economies such as Ethiopia. In Ethiopia, responding to the negative impacts of extreme climates on the smallholder lives and livelihoods requires detailed studies that document the extent and trends of changes in the extreme climate events.
us, this study considers the local level analysis of extreme climate events as a case study, which may help to react timely to the associated shocks.
Some empirical studies have attempted to analyze the extreme climatic events in Ethiopia but found mixed results owing to contextual differences. Despite varied results in the magnitude of change observed, a growing body of literature now points to significant trends in precipitation and temperature extremes. For example, a negative trend was observed in seasonal extreme rainfall [25] , while mixed trends of changes were reported in rainfall extremes [26] [27] [28] [29] . Several empirical studies suggest positive trends in air temperature and negative trends in rainfall [30] [31] [32] [33] . A study by Viste et al. [34] reported that even through the degree of drying varies spatially, all the studied areas experienced drought at annual scales in Ethiopia. Zeleke et al. [35] documented that south and southwestern regions of Ethiopia have experienced drying, while the central mountainous, north, and northwestern regions had no observed long-term trends. Recently, Worku et al. [36] reported a warming trend in extreme temperature indices while an increase in rainfall extreme events in Jemma Subbasin, Upper Blue Nile Basin. However, Kebede et al. [37] reported neither a clear monotonic trend in dry spells nor a significant variation in the rainfall duration, onset, and cessation. In Ethiopia, different studies reported that there has been inconsistency in patterns in the precipitation extremes [25-28, 31, 33, 36, 38] . Regardless of the inconsistency in the rainfall extremes in Ethiopia, recent evidence shows that the frequency of the occurrences of extreme events and their variability has increased over the last 20 years [3, 36, 39, 40] . In the context of the study area, a recent study by Degefu and Bewket [38] revealed that the geographic distribution on the occurrence and magnitude of observed drought events was complex.
Although the abovementioned studies have documented trends in climate extremes at national, regional, and local levels, the studies have been reporting different patterns in the climate extremes mostly focusing on the national level analysis with a lot of emphasis on drought. A few studies have examined variations in rainfall extremes using selected indices at national and subnational levels, which may not fully explain the situation at the local level. ough others have assessed trends of climate extremes, most of the studies are spatially confined to the northern part of Ethiopia with the exception of the recent study by Degefu and Bewket [38] that analyzed trends of climate extremes in Omo-Ghibe River basin.
erefore, the existing information on climate extremes is limited in scope, is fragmented in coverage, and does not provide complete perspectives on the complex topography, relief, and agroecological settings in Ethiopia [26, 41] .
Unlike earlier studies, this study focuses on aggregation and disaggregation by agroecological zones (AEZs) because of the increasing importance of agroecological-based analysis in the face of changing climate extremes. Case studies based on such a perspective (e.g., climate resilience to farm productivity) in the context of climate variability and change are very important [42] . is reveals on the importance of agroecological-based approach as one of the scientific disciplines, sustainable farming approach, and social movement [42] . Moreover, with the changing climate extremes and their adverse effects on peoples' livelihoods, some attempts have been made to promote "agroecology as the sustainable alternative to climate change crisis" [43] . In the Ethiopian context, existing evidence suggest that different agroclimatic zones are found. Traditionally, the agroecologies have been classified into five categories based on altitude, rainfall, and temperature (Table 1) [44, 45] .
More importantly, the design and development of local level climate adaptation options and enhancing early warning systems require us to understand the characteristics and trends in climate extreme events at different geographical scales. is study thus contributes to the rapidly growing climate extreme literature by providing first-hand evidence both on the temperature-and precipitation-based indices at AEZs in Southern Ethiopia. It also gives new insights into the application of gridded data at a microlevel where finding complete station data is a serious challenge. e study, by employing climate extreme indices-as one way to investigate climate change and variability in the study area, can serve as a reference for similar studies in the future.
In summary, this study intends to better the understanding of changes and trends in extreme climate events and their frequency, and duration, and variability over three AEZs of Wolaita Zone, Southern Ethiopia. It aims at (a) analyzing the magnitude and frequency of occurrence of extreme temperature events and (b) analyzing the magnitude and frequency of occurrence of extreme precipitation events in AEZs. e rest of 2 Advances in Meteorology the paper is organized into three sections: Section 2 provides a brief description of the data, methodology, and area of study; Section 3 presents and discusses the study findings; and the conclusions of the study are given in Section 4. [46] . e relief of the area is generally a highland that covers most parts of the midland while the peripheries are lowland areas ( Figure 1 ). e altitude ranges from 501 meters in the lowlands at BilateTena to 3000 meters above the sea level in the highlands at the Damota mountain area. e amount, period, and frequency of rainfall vary considerably from one AEZ to the other. e mean annual rainfall ranges from 800 mm in BilateTena to the highest 1,200 mm in Wolaita Sodo. Rainfall is erratic by nature and variable, occurring in two dissimilar seasons. e pattern of rainfall distribution is bimodal.
Study
e main rainy season (Kirmet) starts in mid-June and extends to the end of September. e second one is the Belg season that spans from the end of February to March and/or early April [46] . e mean annual minimum temperature ranged from 15.1 to 25.1°C in 2015/2016. However, temperatures are usually high with little variations among seasons. In the same year, the mean annual maximum temperature was reported between 17.1°C and 29.7°C. Following Hurni [47] , this study adopted the traditional AEZ grouping approach, where three meteorological stations' daily minimum and maximum temperature and daily precipitation data were extracted using the latitude and longitude to represent highland, midland, and lowland AEZs, respectively ( Figure 1 ).
Data.
e study is based on gridded dataset (4 km by 4 km spatial resolution) of daily maximum and minimum temperatures and daily total rainfall from 1983 to 2014. e gridded dataset combines two datasets: the first is station data (rainfall and temperature) from the national network managed by the Ethiopian National Meteorological Services Agency (NMA) and the second dataset is satellite rainfall and temperature estimations from European Organization for the Exploitation of Meteorological Satellites (EUMETSAT) and the US National Aeronautics and Space Administration (NASA).
In other words, the gridded dataset integrated qualitycontrolled station data from the national observation network with locally calibrated satellite-derived data that were used to fill spatial and temporal gaps in the Ethiopian national observations. Data reconstruction was undertaken by the NMA in partnership with International Research Institute for Climate and Society at Columbia University, USA, whereas data calibration and validation were carried out by Reading University, UK.
As mentioned by Mengistu et al. [48] in the Upper Nile Basin, Ethiopia, station-based data in the Wolaita Zone had also many missing values and measurement errors, was poor in quality, and lacks continuous data both for temperature and precipitation. Due to these reasons, the preference was given to the use of the gridded dataset, which had better data quality and daily minimum and maximum temperature, and daily total precipitation data were available between 1983 and 2014 for the studied AEZs as opposed to using the available station-based dataset. e data used for this study can be found at Ethiopian National Meteorological Services Agency (http://www.ethiomet.gov.et/) for the climatic stations located over three agroecological zones.
On the contrary, this study considered three existing stations, which are located over the AEZs using the gridded dataset for the purpose of comparison by AEZ, which in turn is assumed to represent each AEZ with the available climate data over the study period (1983-2014) ( Figure 1 ). e stations include Bilate (lowland), Wolaita (midland), and Boditi School (highland) ( Table 2) . e stations were selected purposively as they have long years (over 30 years) of observed temperature and rainfall data. e analysis period, 1983-2014, was chosen due to data availability within the selected periods and to explore the recent change in extreme temperature and rainfall across the study AEZs. Data quality control was carried out using ClimPACT2 Software in R [49] . Data quality was tested in order to label potentially wrong values and to remove them from the analysis. Unrealistic values, such as daily maximum temperature less than or equal to daily minimum temperature, were identified and set to missing values. e reference period of 1983-2000 was chosen out of the full-time range (1983-2014) mainly for the calculation of the percentile-based indices.
Methodology.
In an effort to investigate the existence of trends in time series of both temperature and rainfall indices obtained from daily data, we used the nonparametric Mann-Kendall (MK) test statistic [50, 51] and Sen's estimator test [52] at the 5% significant level. Detailed description on Mann-Kendall and Sen's slope estimation can be found from the related studies [53] [54] [55] [56] , as described in Adapted from MoA [45] .
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Supplementary Materials (available here). e stations are not only representative of elevation but also other criteria as suggested by MoA [45] , which grouped AEZs into ve categories based on altitude (meters), rainfall (mm/year), growing period length (days), and mean annual temperature (°C) ( Table 1 ).
Results and Discussion

Trends in Temperature Extremes
Warm Days (TX90p) and Warm Nights (TN90p).
Trends for the temperature indices for the three AEZs are shown in Table 3 . From the percentile-based temperature indices, signi cantly increasing trend in the frequency of warm days (TX90p) was observed both in the lowland (Figure 2(a) ) and highland AEZs (Figure 2 (e)) (p < 0.05 and p < 0.001), respectively. e TX90p shows an insigni cant decreasing trend in the midland AEZ (Figure 2(c) ). Similar to the frequency of TX90p reported in lowland and in highland AEZs, the occurrence of warm nights (TN90p) has shown very signi cant increasing trends (p < 0.001) ( AEZs is in agreement with results from the three ecoenvironments in Ethiopia [31] and Worku et al. [36] . On the contrary, the midland AEZ experienced insignificant increasing trend in the TN90p (Figure 2(c) ). e annual number of TN90p and TX90p shows significant warming anomalies for the period 1983-2014 both in the lowland and highland AEZs. e TX90p reaches its peak in 2009 for the lowland AEZ (Figure 2 
Cool Days (TX10p) and Cool Nights (TN10p).
Insignificant decreasing trend in the frequency of cool days (TX10p) was observed in the lowland AEZ (Figure 3(a) ) and midland AEZ (Figure 3(c) , respectively. However, TX10p shows a decreasing trend in the highland AEZ (p < 0.05) (Figure 3(e) ). Concerning the frequency of cool nights (TN10p), a very significant decreasing trend was observed in all AEZs (p < 0.001), and the result is in line with the recent work by Worku et al. [36] . e negative anomalies are consistently declining since the late 1980s both in the lowland (Figure 3(b) ) and highland AEZs (Figure 3(f) ), respectively. On the contrary, except for the years 1997 to 1999, the midland AEZ also experienced negative anomalies for the TN10p between late 1980s and 2014 (Figure 3(d) ). All the AEZs have experienced a very significant decreasing trend in the TN10p over the period between 1983 and 2014. e significantly increasing trends in the occurrences of TX90p and TN90p while decreasing trends in TX10p and TN10p are in agreement with results from other studies that have analyzed these trends in different parts of the world [57] [58] [59] [60] .
In summary, two of the AEZs have experienced significant increases in TX90p and TN90p over the period between 1983 and 2014 while no significant trends were observed for all indices in the midland AEZ except for TN10p. e figures are indicative of the increasing trends in the warm extremes and decreasing trends in the cold extremes. ese figures clearly show significant warming. In view of this, Worku et al. [36] reported similar pattern of trends both in cold and warm extremes in Upper Blue Nile Basin. Moreover, empirical studies in East Africa, including Ethiopia, suggest that the frequencies of warm days and nights compared to the initial time showed a large increase vis-à-vis the number of cold nights per year beyond the 90 th percentile threshold [61] .
Warmest Day (TXx) and Coldest Day (TXn).
e trend in the warmest day (TXx) is statistically significant with the magnitude of change being 0.025°C/year (p < 0.05) for the lowland AEZ, while the magnitude of change in the highland AEZ was observed to be 0.042°C/year (p < 0.001).
e TXx in the midland AEZ showed a statistically significant decreasing trend (0.017°C/year) (p < 0.05) ( Table 3 ).
e TXx reached its peak in 2009 for the lowland AEZ (Figure 4(a) ), in 2012 for the midland AEZ (Figure 4(c) ), and in 2011 for the highland AEZ (Figure 4(e) ). e temperature of the coldest day (TXn) is significantly increasing in the highland AEZ with the magnitude of change being 0.024°C/year (p < 0.05), while this index is insignificant in the lowland and midland AEZs (Figures 4(b) ) and 4(d)). A study by Mekasha et al. [31] reported a similar trend in Ethiopia where TXn values were not significantly shifting over the study periods in all the sampled stations.
Warmest Night (TNx) and Coldest Night (TNn).
e trend in the warmest night (TNx) is significantly increasing in all AEZs (p < 0.001). In line with this, significant increase in warm nights was also reported in previous studies [36, 62] . e magnitude of change was reported to be 0.055°C/year for the lowland AEZ, 0.037°C/year for the midland AEZ, and 0.063°C/year for the highland AEZ. In relative terms, the highland AEZ has experienced higher magnitude of change in the TNx than both the midland and lowland AEZs (Table 3 ). e temperature of the coldest night (TNn) during the observation periods has increased significantly in all AEZs (p < 0.001). e magnitude of change in the TNn was reported to be 0.078°C/year in the lowland AEZ, 0.075°C/year in the midland AEZ, and 0.084°C/year in the highland AEZ (p < 0.001), respectively. Similar to the higher magnitude of change observed in the TNx in the 
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highland AEZ, the magnitude of change in TNn is slightly higher than the two AEZs. e anomalies of the TNx and TNn are shown in Figure 5 . e TNx's highest positive value was observed in 2006 ( Figure 5 In summary, the TXx in the midland AEZ showed a statistically signi cant decreasing trend of 0.017°C/year (p < 0.05), which is the only AEZ that experienced a decline in the trends of temperature indices (TXx, TXn, TNx, and TNn) computed for all AEZs. e higher magnitude of change in temperature extremes in the highland AEZ compared to the two other AEZs may have adverse impacts on the livelihoods of the highlanders. For example, there is evidence that continued incidence of meteorological drought episodes and famines have resulted in human and crop diseases, particularly in the northern highland regions of Ethiopia [63] [64] [65] [66] . Generally, the recent IPCC projection noted that changing climatic variability will possibly result in more extreme events including flooding and drought [3] , signifying that the negative impacts of climate trends have been more common than positive ones [1] .
Warm Spell Duration Indicator (WSDI) and Cold Spell Duration Indicator (CSDI).
e warm spell duration indicator (WSDI) index which represents the number of days contributing to a warm period was statistically insignificant in all AEZs. However, a significantly decreasing trend was observed in the cold spell duration indicator (CSDI) in all AEZs. e CSDI values show a decrease of 0.667 days/year in the lowland AEZ, 2.259 days/year in the midland AEZ, and 1 day/year in highland AEZ (Table 3) . In relative terms, the CSDI is higher in the midland AEZ than in the lowland and highland AEZs. Similar trends were reported by Mekasha et al. [31] for WSDI and CSDI. e CSDI revealed significantly decreasing trend in all AEZs, suggesting that the AEZs are getting warmer although WSDI is not statistically significant in the same AEZs.
e decrease in CSDI is in agreement with the observed warming in other studies such as the study by Donat et al. [60] carried out across the globe. However, the recent trends for CSDI and WSDI were mixed in the Upper Blue Nile Basin [36] , which also suggests contextual differences between the current and previous studies.
Diurnal Temperature Range (DTR).
With regards to the trend in the DTR, all AEZs have experienced significantly decreasing trend (Table 3 ). e magnitude of change of DTR was −0.052°C/year and −0.043°C/year (p < 0.05) in the lowland and highland AEZs, respectively. A very significant decreasing trend in the DTR of the midland AEZ was observed (0.053°C/year) (p < 0.001) (Figure 6(b) ). Similarly, Mekasha et al. [31] reported a significantly decreasing trend in DTR only in Negele Borena station in Ethiopia. Moreover, Zhou et al. [67] documented that there has been a decreasing trend in DTR in some other parts of the world, mainly in arid and semiarid regions. Concurring to this, the mean annual DTR exhibited a reduction by 0.5 to 1°C in Sudan and Ethiopia between the 1950s and 2000 [68] .
A decrease in DTR suggests that the trend in the daily maximum temperature is smaller than the trend in the daily minimum temperature. Earlier studies reported on the relevance of DTR as one of the proxy indicators for climate change. For example, a study by Makowski et al. [69] considered DTR as the important indicator of climate change.
Trends in Precipitation Extremes
Simple Daily Intensity Index (SDII), Consecutive Dry Days (CDD), and Consecutive Wet Days (CWD).
e SDII, which monitors precipitation intensity on wet days, did not show any significant trend in all AEZs, a finding that is in line with results from [25, 31, 36] . e highest SDII was recorded in 2013 in the lowland (Figure 7(a) ), in 2012 in the midland (Figure 7(b) ), and in 2005 in the highland AEZ (Figure 7(c) ), respectively. By the same token, the trend analysis of both consecutive dry days (CDD) and consecutive wet days (CWD) imply that the results were not signi cant in all AEZs (Table 4 ). e highest CDD was observed in 2012 in the lowland (Figure 8(a) ), in 2008 in the midland (Figure 8(c) ), and in 2000 in highland AEZs (Figure 8(e) ),respectively. On the contrary, the highest CWD was observed in the years between 1988 and 1997 in the lowland (Figure 8(b) ), in 1992 in the midland (Figure 8(d) ), and in 1987 in the highland AEZs (Figure 8(f) ), respectively. Although insigni cant trends were observed in the CDD and CWD, the early 1990s were wet years compared to the 2000s, which signify warming over the studied AEZs. e same trend was documented by previous studies such as [25, 31, 36] . However, Mekasha et al. [31] observed a decreasing trend for CDD in one station. A study by Mengistu et al. [48] reported that agroecological zones in the Upper Blue Nile River Basin experienced relatively cold years in the 1980s and warm years from the early 1990s to the 2000s.
Number of Heavy (R10mm) and Very Heavy (R20mm) Precipitation
Days. e number of very heavy precipitation days (R20mm) was increasing with a magnitude of 0.325 days/year (p < 0.05) in the midland AEZ but was insigni cant in the other AEZs.
e highest R20mm was recorded in the year 2013 in the lowland (Figure 9(b) ), in 2012 in the midland (Figure 9(d) ), and in 1988 in the highland AEZs (Figure 9(f ) ), respectively. e increasing trend in the rainfall amount in the midland AEZ was in line with recent ndings from Degefu and Bewket [38] in which Wolaita Sodo, as one of the meteorological stations, was found to experience an increasing trend in the average annual total rainfall (p < 0.01). Similarly, a recent study by Weldegerima et al. [70] in Northern Ethiopia has documented an increase in annual rainfall with the magnitude of change being 2.20, 3.42, 6.58, and 2.88 mm/year, in Bahir Dar, Dangila, Debre Tabor, and Gondar, respectively. On the contrary, insigni cant decreasing trend was reported both in the lowland and in the highland AEZs in R10mm while it was insigni cant increasing trend in the midland AEZ. e highest R10mm was recorded in the year 1987 in the lowland (Figure 9(a) ), in 2006 in the midland (Figure 9(c) ), and in 2007 in the highland AEZs (Figure 9(e) ), respectively. In general, the midland AEZ shows both signi cant and insigni cant increasing trends in the R20mm and R10mm between 1983 and 2014. e variations in the years of highest R10mm and R20mm suggest the trend di erences between and among the AEZs.
Maximum 1-Day (RX1day) and 5-Day (RX5day)
Precipitations.
e trend of maximum 1-day precipitation amount (RX1day) was observed to increase in the highland AEZ with a magnitude of 0.297 mm/year (p < 0.05). On the contrary, both the lowland and midland AEZs have experienced insigni cant trend in the RX1day. e maximum RX1day was recorded in the year 2005 in the lowland (Figure 10(a) ), in 1988 in the midland (Figure 10(c) ), and in 2014 in the highland AEZs (Figure 10(e) ), respectively. An insigni cant positive trend in the RX5 day was reported both in the lowland and midland AEZs, while it was a negative trend in the highland AEZ (Table 4) . In relation to the maximum RX5 day, it was recorded in 2008 in the lowland (Figure 10(b) ), in the years of 1987 and 2007 in the midland (Figure 10(d) ), and in 2011 in the highland AEZs (Figure 10(f) ), respectively. In summary, with the exception of the highland AEZ for RX1day, all AEZs have experienced insigni cant trend both in the RX1day and RX5 day. On the contrary, Worku et al. [36] found out that signi cant increasing trend was observed in the Rx5 day in Fichie and Mendida stations, while signi cant decreasing trend was observed in the Rx1day in Alem ketema station in the Upper Blue Nile Basin.
Very Wet Days (R95p) Extremely Wet Days (R99p).
e trend of R95p was statistically signi cant both in the midland (6.048 mm/year) and highland AEZs (2.757 mm/ change, several climate change estimation scenarios and models confirm that many parts of Ethiopia are likely to experience a reduction in the length of the growing period with higher reductions in some parts of the country [12, 66] . e observed trends in spatial and temporal variability in the climate extremes in the studied AEZs could be associated with the multiple topographic and relief structures of the country [26, 41] . In general, the extreme trend analysis con rmed that there is an overall propensity of increasing warm extremes and a decreasing tendency of cold extremes in the selected AEZs. e results are in line with similar ndings reported in tropical environments where warm extremes showed increasing trends while the cold extremes showed decreasing trends [36, 41, 72] .
Conclusions
is study has analyzed changes in the indices of extreme temperature and rainfall based on changes in duration, intensity, and frequency of climatic extremes in the lowland, midland, and highland AEZs in Wolaita Zone, Southern Ethiopia, over the period of 1983-2014. e trend analysis revealed that AEZs have experienced both positive and negative trends in temperature extremes. Overtime, the annual maximum value of daily maximum temperature (TXx), annual maximum value of daily minimum temperature (TNx), and annual minimum value of daily minimum temperature (TNn) have shown significant positive trends between 1983 and 2014, except in the midland where TXx deceased by 0.017°C/year. In terms of AEZ, the magnitude of change in temperature extremes is higher in the highland AEZ but lower in the midland AEZ, implying that the highland AEZ is experiencing a higher magnitude of change in the occurrence of climate extremes. is trend is likely to have adverse effects on the livelihoods of people in the highland agroecological zone. e annual number of occurrence of warm nights (TN90p) and the occurrence of warm days (TX90p) show significant warming anomalies for the period between 1983 and 2014 both in the lowland and highland AEZs. e occurrence of warm nights (TN90p) has shown a significant increasing trend (p < 0.001) in all AEZs except the midlands, which show insignificant increase in TN90p, while cool nights (TN10p) were consistently decreasing in all AEZs (p < 0.001). Insignificant decreasing trend in the frequency of cool days (TX10p) was observed both in the lowland and midland AEZs. TX10p shows a decreasing trend in the highland AEZ (p < 0.05). e warmest night (TNx) shows a significant increasing trend in all AEZs (p < 0.001). e magnitude of change in TNx is 0.055°C, 0.037°C, and 0.063°C/year for the lowland, midland, and highland AEZs, respectively. Comparatively, the highland AEZ experienced a higher magnitude of change in the TNx than the midland and lowland AEZs. DTR shows a significant decreasing trend in all AEZs over the study period and indicating warming conditions.
Overall, the trends of warm extremes are increasing, and cold extremes are decreasing, implying a significant warming in the AEZs, which is in agreement with results from other studies in different geographic scales. A negative trend in the cold spell duration indicator (CSDI) was observed in all AEZs with magnitudes of change in CSDI being 0.667 days, 2.259 days, and 1 days/year for the lowland, midland, and highland AEZs, respectively. e trend was significant (p < 0.05) for both midland and highland AEZs and very significant for the lowland AEZ (p < 0.001). Even though the trends for consecutive dry days and consecutive wet days were insignificant in all AEZs, the number of very wet days has revealed a positive trend both in the midlands (6.048 days/year) and highlands (2.757 days/year) (p < 0.05). R20mm (0.325 days/year) and RX1day (0.297 mm/year) have revealed positive trends in the midland and highland AEZs (p < 0.05), respectively. In short, most of the precipitation extreme indices have shown insignificant trend across AEZs, signifying no difference was observed between 1983 and 2014.
Generally, the inconsistency of observed patterns in the precipitation extremes and uniformity in temperature extremes reveal that the local level experiences can fit into the meso-macro levels of changes in climate extremes, which in turn can confirm the robustness of extreme indices at different levels of analysis. erefore, results from extreme event analysis could be crucial information for the design of integrated early warning systems and development of planned adaption strategies at the local level linking the meso-macro level evidence in the face of the changing extreme climate events.
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